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INTRODUCTION 



At the request of the Army Air Forces, Materiel 
Command, the NACA is assistin.p; in the development of 
a t'jipe CtB-5 controllable glide bomb equipped with a 
**target-seeking^* device • In order to m.easure the 
stability and control characteristics of the bomb in 
its original condition and with various m.odif ications 
a l/5*scale model has been tested on the six-com.ponent 
balance :n the free-fli,Tht tunnel. The tests included 
the development of suitable means for altering the 
effective dihedral and the directional stability by 
siTiple structural modifications, the development of a 
device capable of altering the lift-drag ratio of the 
bomb without changing the angle of attack, and the 
mieasurem^ent of the rolling- and yawing-mom.ent charac- 
teristics of the ailerons. The results of these tests 
are pre^^ented herein. 

Force te'f^ts v;ere made for 12 different vertical- 
tail configurations and the effect of six different 
sets of wing-tip end plates upon the effective dihedral 
charact-^rri stic^ of the model was studied. The influence 
of two sets of spoilers, tv/o sets of double-split 
rudders, one set of double-split flaps, and five sets 
of split flaps upon the lift-drag characteristics of 
the m.odel was investigated and tl:e characteristics of 
the be veled-nose , plain-flap-type ailerons were obtained. 
Most of the tests were made at an angle of attack of 8"^ 
which corresponded to the launching angle of the full- 
scale bomb. 



SYMBOLS 



ar.glo of autack of bonb center line, degrees 
pngle of yaw^ d'^grees 



lift coeffloiant 



d r ' a 3 c o e f f i c i e n t 



Drag 



, . , . ^ Pitching rnotrsnt 
"Oitchxng-moment coefiicient 5 — — 

!• o 1 1 1 nr-m orae n t oo e f f i c i erx t — ^ 

. ^ ^ . . Lateral force 
lateral-force coeific^.ent 

vc.w mg - mc :ne n t coefficient — 

ef f ec tlve-dihedr-iO. parameter, rate of change of 
rolling-noment coeff?wClent with angle of yaw 

directional- stability parameter, rate o.^ change o 
yawlng-^ofient coefficient with angle of 



yaw 



, a' 

lilt over drag ratio 

density of air, slugs per cubic foot 

wing area, square feat 

true airspeed, feet per second 

v/ing snan, foet 

wing chord, feet 



6 control deflection, degrees, with subscripts as 
f ollows : 



f 



flap 



e 



elevator 



r 



rudder 



a 



aileron 



APPARATUS AND IGTHODS 



Wind tunnel s- The tests were made in the free- 
f light tun; ■el, a coirrDlete description of which is given 
in reference 1. The free -flight-tunnel "balance, upon 
which the tests were made, is a s3.x-component balance 
VvThich so rotates with the model in yaw that all forces 
and moments are measured with respect to the stability 
axes. A photograph of the l/5-scale model of the glide 
bomb mounted inverted on this balance is given in fig- 
ure 1. A more complete description of this balance and 
its operation is given in reference 2. 

Model . - The model was supplied by the Materiel 
Comjnand, Army Alv Forces and was prepared for balance 
testing by the installation of a standard mounting plate 
used to attach models to the balance struts A three - 
view drawing of the model is given in figure 2, Photo- 
graphs of the model as it was originally received are 
shown in figure 3 • 

Sketches of the wing-tip end plates used in the 
tests ai^e presented in figure 4 and sketches of the 
various vertical tails tested are given in figures 5 
and 6. The aileron system tested is also shown in 
figure 6. Figure 7 shov;s sketches of the various glide - 
path controls investigated in the tests. 

Test c o nditio ns.- All of the force tests were run 
at a "dynamic presp.ure of 4,09 pounds per square foot 
which corresponds to an airspeed of about 40 miles per 
hour at standard sea-level conditions and to a test 
Reynolds number of 204,000 based on the mean chord of 
0.55 foot. The m^oments and forces measured on the 
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balance wsre transferred to the center-of -gravity loca- 
tion bole-/ the 25-percent chord line at a distance 
6-percent chord above the center line of the bomb. 



TEST PROCEDURE 



The test program was so laid out that all of the 
stability changes could be obtained by simple structural 
modification of the glide bomb. This limitation was 
deemed necessary in order to permit full use to be made 
of full-scale bomb units already manufactured. A 
preliminary analysis of the stability requirements for 
a controlled glide bomb indicated the desirability of 
being able to obtain a ranpe of values of the effective- 
dihedral parameter Ci , and the directional-stabilitv 

parameter from the values for the bomb as orl- 

ginally received down to zero. The test program was 
laid out, therefore, in such a manner that any desired 
values of these stability parameters could be' obtained 
by^a selection of the proper end plates and vertical 
tail size. A special effort was made to find a combina- 
tion of surfaces that would yield a value of Gv of 

0.00030 and Cn,|^ of -0.00013 because calculations had 

indicated that this combination of derivatives might 
yield good flight characteristics with a rudder control. 

The directional stability of the bomb was reduced 
by tv;o difl'erent methods. One was the redii.ction of area 
on the existing tail booms and v/as accomr)lish3d simoly 
by removing one of the tails or by removing portions 
from the top and bottom of the tails, keeping the chord 
constant, as shown in figure 5, to form tails 1 to 11. 
The second method was the addition of tail area on 
forward booms to form tail 12 on figure 6. This arrange- 
ment was tested because it would result in greater 
damping in yaw. 

For each vertical-tail and end-plate arrangement, 
the rolling moment, yawing moment, and lateral force 
due to yaw were determined. 

The rolling and yawing moments produced by the 
ailerons were measured for the right aileron alone 
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deflected nv and down ^.^arion.s a::ioun.ts* Tlie moments for 

simultaneous deflection of hoth ailerons may be obtained 

by summation of the inoments for the up and the dov/n 
deflections . 

The goal of the glide-path control tests was to 
develon a device which would change the l/d ratio from 
7 to O' without altering a r^iven angle of attack or 
elevator setting* A further proviso v/p.s that it should 
be possible for some setting of this device to obtain a 
lift coefficient of 0.64, a condition corresponding to 
the most suitable launching speed of the bomb. Although 
it was obvious that only lift-decreasing devices could 
reduce the L/D ratio to zero, tests were made of 
several devices operating wholly on drag-increasing 
principles in the hope that their simolicity of operation 
would offset their inability to produce an L/D ratio of 
zero* 



FffiSULTS AND DISCUCSION 
Effect of h]nd Plates on Dihedral Parameter 

The use of vertical end-plate area butted to the 
ends of the v/ings as shovm in figure 4 was found to be 
an effective and simple means of altering the dihedral 
parameter C?.. The effect of end plates 1, 3, 4, 

T 

and 5, \/hich extended wholly belov/ the lower surface 
of the wing, upon the static lateral-stability charac- 
teristics, is" shown in firure 8 and the variations 
of Cj,^ with vertical end-plate area are suniiarized 

in fi.pu-e 9, These data indicate that the effective- 
dihedral parameter Cy . was reduced almost directly 

VJ 

proper bionallv to the ar.iount of vertical area added 
below the wing at the wing tip. The action of the 
vertical end plates in reducing the effective dihedral 
must be entirely ascribed to the restrictions imposed 
by these areas upon the cross-flov/ conditions around 
the wing tips. This was indicated by calculations v\:hich 
shov^ed that the rolling-mom.ent contribution of the end 
plates as isolated aerodynamic surfaces v/es not only 
very small but was such as to increase the effective 
dihedral because the resultant center of pressure of 
the aerodynamic loads on the end plates tested 5s above 
the centc^r of gravity. 
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The act5-on of the upoer-surf ace end plat:es 2 upon 
the effective -dihedral pararieter Cj^^^ is shown in 

figure 10. These data indicate that adding end-ulate 
area above the surface of the winp acts oppositely to 
adding area below the v/lng and consequently increased 

Tlie larG;e reduction o:^ C? initially caused by lower- 

surface end plates 1 v/as al:iost complotoly nullified by 
the addition of the smaP.lar end-plate surfaces 2. 



ijffect of Vert ic-til-Tail Arrangement 
Upon Directional Stability 

The effect of the twin-tail designs 1 through 4 
upon the lateral-stability characteristics of the model 
at 8^^ angle of at^.ack are shown in figure 11. The 
results of the tests conducted ivith the as-y^^iiiie trically 
located single-vertical tail designs 5 through 8 are 
presented In figure 12. Although the lateral-force 
and yav/ing -moment data presented in figures 11 and 12 
are consistent, the rolling-moment data of these fig- 
ures are erratic and do not agree with the corresponding 
data of the no-end-plate rion of figure 8 which were 
obtained at 6^ angle of attack. The rolling-moment 
data of figures 11 and 12 were believed erratic because 
of prerixature wing stalling caused by the low scale of 
the tests; therefore, the remaining directional- 
stability tests were conducted chiefly at an angle of 
attack of 6^o The results o-^ fii^ure 12 also indicated 
that the sinf^^le -tail designs caused unsyrnme trical yav/ing- 
moment characteristics with yaw and, hence, would cause 
unsatisfactory flight behavior. This point is illustrated 
in figure 13 in which are presented yawlng-mom.ent data 
for twin tailr. and for tails located on the left or 
right of the stabilizer. 

The resTilts of figures 11 and 12 are surimarized in 
figure 14 in v/hich is shown the variation of the 
dii'ec tional-stabilitv parameter On, with vertical - 

tail area aft of the center of gravity. These data 

indicated that a t^'dn-tail design of three-eighths the 

area of tail 1 would probably create the desired value 

of C;i , of -0.00018. The -esults of tests made with 
4/ 
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a vertical tail of this size (tail 11) and with lower 
and plates 6 are shown in fi^^ure 15. These and plates 
were selected on bine basis of the results presented in 
figure 9 which indicated that the end plates of 
13,5-percent win^ area v;^ould provide the desired value 
of Ci,,^ of 0.00030. The results of firure 15 indicate 

that the desired specifications for C^^.^ and C^,^ were 

met at 6^ an^le of attack with these vertical tails and 
end plates installed. 

The variation of the lateral-stability characteristics 
with an-:le of attack of the rnoael equipped with end plates 6 
and vertical tails 11 is shown in figure 16. These results 
indicated that there was considerable variaticn of Cn,|^ 

with an le of attack and that when the specified value 
of Ca. ^ was obtained at 6^ angle of attack, the value 

'^f Cn,y was too larre at the required angle of attack 

of 8^. It was further indicated that directional insta- 
bility would occur at smaller angles of attack and 
tiiat, if the vert ical- tail area was further reduced to 
yield the required degree of directional stability at 8^ 
angle of attack, the bomb would thcin be directi->nally 
unstable over most of the lov; angle-of -attack range. 

It was believed that the variation of with 

angle of attack of the bomb arose due to wing charac- 
teristics inasmuch as the results of reference 3 
indicated similar variations of 0^^ with angle of 

attack for rectan.^ular wings. Additional tests were 
therefore run to check this point, tor these tests 
the characteristics of the model as originally received 
(tail 1, no end elates) were investigated over the angle- 
of-attack range. The results of these tests are plotted 
In figure 17 and are sumiaarized with tho data of fig- 
ures 15 and 16 in figure 18. Data for an isolated 
rectangular wing, obtained from reference 3, are also 
shown in figure 18 for purposes of compai'ison. 

Tne results of figure 18 indicate that the increase 
in directional stability with increased angle of attack 
is independent of tall do-sign and, therefore, must be 
primarily a wing characteristic. It appears, therefore, 
that the desired degree of dirc^ctional stability cannot 
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be achieved at 8^ an.f:;?.e of attack without resultinn^ in 
direction^ inatabllity at angles of attack sn-jaller 
than S^. This conclusion was further substantiated by 
tests of forward tails 12 actiiig together with the 
original tails 1 - a configuration shown in figure 6. 

The static later-'al-statility charac teris tics of 
tbe model equipped with the orircinal vertical tails 1 
and forward tails 12 are presented in fig-^ire 19. These 
data indicate "ihat the directional stability of the model . 
at 8^ angle of attack was just barely stable. The results 
of figure 19 are suinriarized in fifiU"^e 20 and show the 
same variation of directional stetbility with angle of 
attack previously noted. The data indicated that the 
nicdel with the coupled tail arrangement would be direc- 
tionally unstable at- angles of attack smaller than 3^. 



Aileron Tects 

The data from tests of tbe aileron system shown in 
fig»are 6 are presented in lirure 21 at various angles of 
attack for the right aileron alone deflected various 
am.ounts from 15^ up to 15^ down. 



Glide -Path Control 

In order to provide the data necessary to convert 
pitching moments to elevator deflections required to 
trim at a given angle of attack, tests were run of the 
m.odel with elevator set at O^and 110^. The results of 
these tests are pres tinted in figui-e 22. 

Spoilers . - '"^ests were i-un to determine the effect 
of the upper-su>^f ace spoilers shown in fi'^ixre 7, inasmuch 
as this type of device both decreases lift and increases 
drag. The results of these tests are shov/n in figure 2oo 
These data show that althourh sr-^oilers of 39 percent of 
the s'osn decreased the L/d ratio at the an^le of attack 
corresponding to Cl - C,64 from. 7.0 to 2.9 a further 
increase in spoilei span of 22 percent span only decreased 
the L/D ratio to 2,5, a value deemed unsatisfactory. 
In addition, both inboard and outboard spoilers created 
large reiving m-omonts, particula-^ly inboard spoilers 1, 
and consequently required rather large changes in elevator 
deflection to maintain constcint angle of attack. 



The lar.Qe u'^vl'i;- moments enconntered with spoilers 1 
v/ere tdioved to be priniarily causdd by the influence of 
the decreased ./ing dov/mvash upon the tail surfaces 
inline diateljr behind. 

Doub s p 1 i t r ^Adde r s . - Fi£n.re 24 prasjnts the effect 
of douSTe"*- split rudders' A (mounted on end plates 4 as 
shown in fi^^.ure 4) on the aerodyn£*-nic characteristics of 
the model* The data on fir.ure 24 were rearranged in- 
conjunction v;ith the elevator data ^:iven in figure 22 
to show t]ie variation of L/d ratio, Cr, and elevator 
angle required to trirri with rudder deflection and are 
thus presented in firaire 25. Tliese data are f7:iven fnr 
the angle of attack 8^ at v/hich it was possible to 
approach the snecified val-oe of lift coefficient of 0.G4. 

The data present'-:^d in figures 24 ?nd 25 indicate 
that the double-split rudder A was inadequate as a glide - 
path control device and would merely alter the L/b ratio 
from 7.7 to 4.1 for full rudder deflection (±50^). A 
further attempt was made to lower the l/d ratio by use 
of snlit rudders of greater snan than rudders A. The 
results of tests made with double-snlit rudders E mounted 
on end plate 3 are shown in fi^^ures 26 ;^nd 27. AlthoTifh 
•nidders 5 were twice the snan of rudders A, they reduced 
the l/d ratio onl3^ a sli^^ht amount further and conse- 
quently no other tests were made iitilizin^ '-he double- 
split-:"'udder type of controls. It is interestin,^, to 
note that both rudder^s A -uid particularly rudders B 
Increased the lift on the wing - thereby emphasizing Lhe 
critical xiature of air--flow conditions about thJ v/ing 
tips . 

Dou,ble-s put flaps • - Te e t s v/e re made o f double -split 
flaps extending ovei= the c-utboard 42 percent of the 
wing span as shov/n in figure 7. The results of these 
tests are plotted similarly to those of thv:^ rudder tests 
and are presented in figures 23 and 29. The results 
presented in figure 29 show that the double-split flaps 
deflected 60^^ up end down decreased the L/d ratio from 
7.3 to 2.1. This decrease, althoi-igh considerable, was 
still not considered sufficient. In addition, a con- 
siderable change in elevator an^^le v;as required to trim 
at a constant angle of attack. 

Low;3r-s urf ace split flaps .- Figijires 20 and 31 show 
the effect of a lower-surf c...ce split flap 1 of 42 -per cent 
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span Iocs tod as sl^own In figure 7. These data show a 
fairly small variation of l/d ratio with dov/nwarc^ly 
deflected flaps. The data from these tests indicated 
that the diving moments cauv^cd hy the f].aps ori the wing 
v/ere almost v^holly nullified on the complete model. 
This action undoubtedly arose owing to the effects of 
the increased wirip. do^vnv/ash on the pitching nornents 
contributed by the horizontal tail surfaces. 

TT pper->surface split fliips^.- The tests of lower- 
surface flaps 1 indicated that ujoner-surf ace flans would 
be required to alter the L/d ratio as desired/ It 
was also indicated from th'jSre tests and froin the spoiler 
tests previously discussed that the upwash offsets of 
the uT^per-surface flaps unon th-j horizontal tail could 
bo en^plcyed to nullify the incremental win- moments 
caused by flap def;lection. Such conf l^-'uraticn would 
then alter the L/D ratio v:ithout changin^;^ the angle 
of attacic or elevator angle. In order to determirie rhe 
prooer flap arrangement and location, tests were first 
made of split flans 2 v/hich are identical -/ith flap 1 
but are mounted on the upner wing surface over the 
inboard 42 percent of the" wing span. The results of 
these tests are presented in figures 32 and 33 and indicate 
that flaps 2 came very close to meeting all specif ications » 
Only a slight amount of elevator adjustment was required 
to trim and ^:he L/D ratio at 8^ angle of attack was 
reduced from 7.5 to 1.3 for 60^ flan deflection. 

In order to reduce the L/d ratio still further, 
the span of flap 2 was increased to 50-percent wing span 
to form flaps 3. The results of the tests of f Ian ^3 are 
presented in figures 34 and 35. Although the results 
presented in these figures indicated that flap 3 would 
satisfactorily reduce the L/D ratio to zero as desired, 
a large increment of up elevator v/as I'equired to trim 
out the pitching moments caused by flap deflection. 

It appeared likely that the diving moments arising 
from deflecuion of flap 3 were caused by downvmd?.. changes 
on the horizontal tail such that the tail mioments over- 
balanced the wing stalling moments created by flop deflec- 
tion. In order to assist in fi^naing the spanwise"^ loca- 
tion of a flan, Y/hich i-equired no change in elevator 
settings when deflected, further tests were run in which 
flap 3 was m.oved to the outboard portion of the wing. 
The results of tests made with the flap in this position 
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(flap 4) are presented in fisTures 36 and S7o These 
rasi^lts indicated that '-'ith this arran^ensnt a lar-^e 
increment of down elevator would be required to trim 
out the momenta due to flan deflections • 

A study of the results of the tests of flaps 3 
and 4 indicated tnat a 60-percent span flap located 
at the center of each wing panel should provide the 
desired l/d control without requiring large elevator 
changes to maintain a constant angle of attack. The 
results of such a flap (flap 5) are presented in 
figures 38 and 39 and substantiate this belief. These 
data indicate that it is possible to secure a reduc- 
tion in L/d ratio with flap 5 from 7.2 to 0 with 
only 3^ elevator-deflectf on change beinr^ required to 
maintain the aesirecl angle of attack (8 ). It anpears 
that even this slirht change of elevator deflection 
could be eliminated by the expedient of moving flap 5 
a slight amount inboard, 

CONCLUDING REI/IARKS 

Force tests of a l/o-scale model of a type GB-5 
control J. able t^lido bomb in the NACA f ree-f li.'^ht tionnel 
indicated the following? 

1. The effective -dihedral characteristics of the 
model were widely varied by the addition of vertical 
end plates butted to the wing tips. Addition of end- 
plate area below the wing siorface reduced the effective 
dihedral whereas area added above the v/ing increased the 
effective dihedral, 

2. The model wing characteristics were such as 
to cause an increase in directional stability with 
increased angle of attack. This change in directional 
stability with angle of attack v^ras independent of 
vertical-tall design. Consequjn"cly, a moderately large 
aiiiount of directional stability v/as required at lov; 
speed to avoid directional instability over the high- 
speed portion of the speed range. 
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3 . TJp-nsr-si\rf ace , iiDv-^ardly d'^flectod, split flaps 
located at the center of each wing panel reduced the lift 
over drag ratio fron 7,2 'to 0 without a')T)reciai':ly changing 
the anPle of attack (6^). 

Lanr;ley rlemorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., March 27, 1944. 



Marvin Pitkin, 

Aeronautical En/Tineer, 
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Hartley A. iSoule, 
Chief of Stability Ressar-ch Division. 
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FIGURE LESEIvDS 



Fi.!::-ure 1 . -• Photorraph of a -5^- scale Tnodel of the type 

•CjB-5 controllable r:l:!.de boT.b mounted inverted on bhe 
f ree-f lipbt tunnel balance strut. 

Figure 2.- Tbree view sketch of the type 03-5 controllable 
"glide bor^b as originally received. All diiTiensions are 
in inches. 

Fi^Ture ?o- FhotograT:)hs of ~-'^cale model of t7ype CB-5 

controllable glide bomb. 

Fi.e:ure 4o- Sketches of vertical wing-tip end plates tested 
'in the free-flight-tunnel investigation of a ^-scale 

model 3f the type GB-5 controlla.ble glide bomb. 

Figure 5.- "^ketches of aft vertical ta^ 1 surfaces 

installed on a i-^cale niodel of the type GE-6 control- 
lable plide bomb tested in the free-flip-ht tunnel. 

Figure 6.- Sketch of forward fins and ailerons tested on 
a T'-'^cale ^-^-odQl of the type GB-5 controllable glide 
bomb in the free-flight tvinnel. 

Figure 7o- Sketches of glide-path controls tested in the 
free-flight tunnel investigation of a —-scale m.odel of 
the type GB~5 controllable glide bomb. 

Figure 7.- Continued. 

Figure Lffect of lower- surf ace wing- tip endplates on 

^the static lateral-stability characteristics of 

a -^-scale model of the type GB-5 controllable glide 
5 

bomb. a - 6'^ : 5q ~ &r - 5f = 5^. = 0^. 

Figure 9.- Flffect of lower- surf ace •/ving-tigj endplates 
upon the dihedral parameter Ci^f of a -^-scale model 

of the tvpe controllable rlide bomb. a = 6'^; 

5e = 5r ^ ^'a - 5f - 0^. 

Fi.rure 10.- Effect of urper-surf ace endPlates upon the 
rolling-moment characteristics of a i-scale m.odel of 

the type GP-5 controllable glide bom.b. a - 6'"-^: 



FiaURE LEGENDS - Cnntinued 



Fiprre 11.- ^^ffect of vertical tail area removed equally 
from the tv/in vertical ta'.l.^ of a -^-scale model of 

u 

the type GB-5 controilahle gl i do 'bor;ib . Oe "Sp =of ^ 
a = 80. 

F?:gure !£.- Effect of removiri.fr vertical tail area from 

one ol' two vertical tails of a —-scale model of the 

5 

tyi^e CtE-5 controllable glide bom.b. a 8^ ; 

6e ~ 5p = 5a = 5f = 0^ fright vertical tail off. 

Fic-aire 13 o- The influence of vertical tail location upon 

the '/^awing-mom.en t characteristics of a ~- scale m.odel 

5 

of the tyne GB-5 controllable glide bomb in yaw. 
5e = 5a = 5^ ^ Of = 0^. . 

Figure 1^.- Effect of rf^ducing vertical tail .^ize of 
a ^'^c^le model of tlie type G3-5 controllable glide 
boTTi-j. a = 8'^; 5(r. = Sr. - 5a = 6f = 0'^'. 

Figure 15.- Static lateral -otability characteristics 

of a —-j^cale model of the type GB-5 controllable glide 

bomb equipped with lovv'er- -urf ace , wing-tip, endplates 6 
and vertical tail de3ip:n 11. a ~ 6^; 5p = 5p = 5a 

Figure 16.- Effect of d.nrle of atT:ack on the lateral 

stability characteristic? of a i^-scale m.odel of the 

tv-pe GE-5 controllable glide bom.ta equipped with lower- 
surface, winp^-tlp endplates 5 and vertical tail 
design 11 o 5^ = 5^ 5a - Of = 0^. 

Figure 17. ~ Effect of angle of attack on the rolling and 
yav/ing momient characteristics in yav^ of a 1-scale 

model of the ty^-^e G3-5 controllable .p-lide bomlD. 
Vertical tail 1; 5^ ~ 5^ = 5a - 5f = " C . 

Figure 18.- Variation of direct: onal stability with angle 
of attack of a 1-scale m.odel of the type GB-5 

controllable glide bomb as comipared. to that of an 
isolated rectangular wing. 



FIGURE LT:;G7:ND3 - Continued 

Fl,fTure Effect of an-le of attack on lateral- stability 

characteristics of a -i-rcale model o"^ the type GB-5 

controllable glide bomb equipped with ori/^inal vertical 
tails 1 and forward tails 12. Qp = 5f = 5e =^ 5a - 0^. 

Firure 20.- I^ffect of anrle of attack upon the directional 
stab.ilitv parameter Cv^, of a —scale model of the 
type GB-S controllable glide bomb. 

Firure 21.- Aileron characteristics of a -^-scale m.odel 

of the type GB-5 controlli;i.ble glide bomb, a]; = 0^; 
&e =^ Of = QO; 5^^ ^ 0^ . 

Figure 22.- Effect of elevator deflection on the aero- 
dynamic characteristics of a i-scale miodel of the 

^ o 
type GB-5 controllable glide bomb. 6^ = 5^^ = 5f = 0 ; 

Firi^re 23 0- Effect of spoilers on the aerodynamxic charac- 
teristics of a ^— ^cale model of the type GB-E 
controllable gl'de bomb. 5a ~ - = 0'^ • 

Fip'ure 24.- "''.ffect of double-sr-lit rudders on the aero- 
dynamics characteristics :^f a -^^-scale model of +-he 

type GB-5 confcroZlable glide bomb. Double- split 
rudders A; endplate 4; 5a - 5f =^ 5e ~ ^'^ • 

Fii^<ure 25.- Effect of double-split rudder deflections on 

the aerodynamic characteristics of a f--scale model of 

the t^pe 0B~5 control] abl'^: glide bomb. Double-split 
rudders A; Ca ~ '5f ~ 0^; a ^-^ ' -^-dplste 4. 

Figure 26o- Effect of d.^ubie-spli t rudders 3 vpon the 

aerodvnainic cnai'^rc toi'* sties o^"' a ^-s^^ale m.odel of the 

tyce GB-5 controllaole glide rjom.t • Oe = Oa = Of = 0^; 
endp].ate r-^ . 

Figu.re 27.- Eifect of double-split rudder deflection on 
the aerodynamic characteristics of a --scale model of 

the type GI-5 controllable glide bomb; double -split 
rudders 3r endplete c ! So = 5f = O*^; a = . 



FIGURE L^GUNDS - Continued 



Figure 28.- Effect of outboard double-split flaps A 

upon the aerodynamic characteristics of a scale 

o 

model of the type G3-5 controllable ^-rlide bomb 
bf = .42b; Cf ..30c ! 5^ = 5a = 5^ -'o^. 

Figure 29.- Effect of double-split flap deflections on 
the aerodynamic characteristics of a ---scale model 

of the type GB-5 controllable rlide bomb. Outboard 
double-spl-l t flap A; bf = .42b; Cf = .30c; Ca ~ ^r ~ 
a = 8^. 

FlfTure 30.- "Effect of lov;er-s^ir f ace inb-^-ard flaps 1 upon 

the aerodvnamlc charcc teristics of a -i-scale model of 

5 

the type GP-5 controllable glide bomb, b^- - •42b; 
Cf ~ .300; 5e =^ 5a = 5^ ~ 0^, 

Figure 31.- Effect of flap deflection on aerodynamic 

characte.-^^istlcs of a —-scale model of the type GE-5 

o 

controllable f-':lide bomb. Lower surface, m.id panel, 
split flap 1; hf = .42b; - .30c; a = 8 - : 5a = 5r. = 0 

Figure 32.- Effect of upper-surface inboard flaps 2 

upon the aerodynam.ic characteristics of a —-scale model 

of the type GB-5 controllable p'lide bom.b. bf = .42b; 
c-o = .30c; 5e ~ 5a - 5p = O'^ . ' 

Figure 53.- Effect of flap deflection on the aerodynamic 
characteristics of a -•-scale model of the type GB-5 

controllable f:lide bomb. Upper surface, inboard split 
flap 2; -Of - .^42b; c^ = .30c; 5a = 6r ~ 9^- 

Figure 34.- Effect of upper- surf ace inboard flaps 3 upon 

the aerod'^mamlc characteristics of a ~-^cale miodel of 

o 

the type GP-b controllable glide bomb, bf - .60b; 
Cf = .30c: 6q = 5a = 5p = 0^* 

Figure 35.- Effect of flap deflection on the aerodynamic 
character-is tics of a -i- scale model of the type GB-5 

D 

controllable glide bomb. Upper surface, inboard 
split flap .3; bf = .60b; Cf = .30c; 6a = 6r = 0; 
a = 8°. 



PIC-UR?; L35^'D3 - Concluded 



Figure 36.- ':^ffect of upper- surf ace, outboard flaps 4 

upon the aerodynamj c charac teri s tr.cs of a i-scale 

model of the type GB-5 controllable glide bon?b. 
b^ = .6Cb; c^ = .30c; 5^ = 5^ ^ 5^ = 0^ . 

Fi.'i^ure 37.- "Eiffect of flap deflection on ^-he aerodynamic 

1 

characteristics of a -^-scale rr.odel of the type G3-5 

control] able glide bomb. Upper-surface, outboard 

split flap 4;"b-p = .50b; Of = •30c; 5^ = 5^ = 0; 
a = 8^. 

Figure 33.- Effect of upper- surf ace flaps 5 upon the 

aerod7/namic characteristics of a i-scale model of the 

type G5-5 controllable glide bomb, bf = .60b; 
Cf ~ .3Cc; o^. - Og. ~ 5p ~ 0*^« 

Figure 39.- Effect of flap deflection on the aerodynamic 

characteristics of a -i-scale model of the type GB-5 

o 

controllable glir'e bom.b. ""^pper surface mid-panel 
split flap 5; bf^ = .60b: c- = .30c; 5a = 5r = 0; 
a = 3^. 




Figure 1.- Photograph of a ——-scale model of the type 

GB-5 controllable glide bomb mounted inverted on the 
free-flight tunnel balance strut. 
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Fig 



ure 2.- Three view sketch of the type GB-5 controllable glide bomb as originally 
received. All dimensions are in inches. 
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Figure 3.- Photographs of ——-scale model of type 

5 

GB-5 controllable glide bomb. 




Figure 4.- Sketches of vertical wing-tip end plates tested in the free-flight- 

tunnel investigation of a scale model of the type GB-5 controllable glide 
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Note - Chords of all tails equal to chord of tail-1 . Sectors indicate manner of 
subdivision nf tail-i by eig-hths to form other designs, 

1 

Figure 5.- Sketches of aft vertical tail surfaces installed on a —-scale model 
of the type GB-5 controllable glide bomb tested in the free-flight tunnel. 
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Figure 6.- Sketch of forward fins and ailerons tested on a -scale model of the 
type GB-5 controllable glide bomb in the free-flight tunnel. 
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Figure 7.- Sketches of glide-path controls tested in the free-flight tunnel 
investigation of a -scale model of the type GB-5 controllable glide bomb. 
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Figure 7.- Contxnued. 
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